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S W Y  

\J s 
The f lu t t e r   cha rac t e r i s t i c s  of various control-surface,&onfigurations 

have been  under s tudy ,a t   the  Langley Aeronautical  Laborator*  Presented 
herein is  a compilation of some of the more per t inent   resu l t s .  Most  of 
the models studied were dynamically  and e l a s t i ca l ly   s ca l ed  from proposed 
a i r c r a f t .  The f lu t te r   inves t iga t ions  were made in   va r ious   f ac i l i t i e s   ove r  
both  the  transonic  and  supersonic  speed  ranges.  Configurations  tested 
included a wing with  t ip  ai lerons,   al l-movable  elevators,   vertical  tai ls  
with  trailing-edge  rudders, and a T - t a i l .  

INTRODUCTION 

A large  portion of t h e   f l u t t e r  problems  which  plague modern a i r c r a f t  
i s  associated w i t h  control  systems. No r ea l ly   r e l i ab le   ana ly t i ca l  method 
i s  available  for  designing  controls  in  the  transonic zone.  Such a var ie ty  
of configurat ions  ar ise   that  an overall   trend  study of charac te r i s t ics  is 
impractical. The a l te rna t ive  is  to  investigate  experimentally  the  various 
specific  configurations as they  ar ise .  Much of  the work  on controls a t  
the Langley Aeronautical  Laboratory has been  of this type. 

The Langley  Laboratory  has worked with  various  organizations on 
cont ro l - sur face   f lu t te r  problems  of new a i r c r a f t .  The work has included 
transonic  and  supersonic  f lutter tests of models. Most of the models  used 
were both  dynamically and e l a s t i ca l ly   s ca l ed  from the  prototype  a i rcraf t .  
Some of the more per t inent   resu l t s  of these  investigations w i l l  be pre- 
sented. The cont ro ls   to  be discussed  are shown as configurations A t o  H 
i n   f i gu re  1. They include a wing wi th   t ip   a i le rons ,  two all-movable 
controls ,   four   ver t ical  tails with  trailing-edge  rudders,  and a T - t a i l .  

SYMBOLS 

a .  speed  of sound, f t / s ec  

b root  half  chord, f t  
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63 s t r u c t u r a l  damping coeff ic ient  

M Mach number 

(4. dynamic pressure,  lb/sq f t  

v free-stream  velocity,   f t /sec 

Mass of wing ' = Mass of air contained in   t runca ted  cone determined  by wing 

f l u t t e r  frequency,  radians/sec 

bending  frequency,  radians/sec 

torsional  frequency,  radians/sec 

control-surface  rotational  frequency,  radians/sec 

pitch  frequency of all-movable  control,  radians/sec 

f i rs t  coupled  frequency,  radians/sec 

DISCUSSION 

Configuration A - Wing With Tip  Ailerons 

Configuration A w a s  a wing of arrowhead plan form, shown i n   f i g -  
1, w i t h  t ra i l ing-edge  f laps  and  all-moving t i p   a i l e r o n s .  The leading 

edge of the wing was swept  back 55' and the   t r a i l i ng  edge w a s  swept rear-  
ward 10'. The a i l e ron  w a s  about 20 percent of the  exposed wing area and 
i t s  hinge l i n e  was swept  back  about 4.5O.  The hinge l i ne  was l o c a t e d   a t  
56 percent of the  aileron  root  chord (where the  aileron  root  chord is the 
chord which contains  the  innermost  parting  line). The a i r f o i l  was 3 per- 
cent   thick.  The wing w a s  cant i lever  mounted a t  the  root .  The t r a i l i n g -  
edge f laps  had  a f ixed   ro ta t iona l   s t i f fness .   F lu t te r   po in ts  were obtained 
for   different   values  of s imulated  a i leron  actuator   s t i f fness .  

The r e su l t s   a r e  shown i n   f i g u r e  2, p lo t ted   as   the   s t i f fness -a l t i tude  
parameter  against Mach number. Increases   in   a l t i tude  correspond  to  
increases  in  the  value of the  st iffness-alt i tude  parameter.   In  this  type 
figure,   constant  al t i tude  occurs  as a horizontal   l ine, ,  and constant- 
dynamic-pressure  curves a r e   s t r a i g h t  l!ines through  the  origin. In f i g -  
ure 2, the  frequency in   the  s t i f fness-al t i tude  parameter  i s  the  tors ion 
frequency of the wing. The ac tua tor   s t i f fness  i s  the  actual  value  divided 
by the  original  value.  



Data for   the  or iginal   value of ac tua tor   s t i f fness  are shown on the  
l e f t   s i d e  of f igure 2.  The no-flutter  points  correspond  to  about  sea- 
level  conditions. The  mode of f l u t t e r  which occurred a t  a Mach  number 
of about 0.9 w a s  predominantly  bending  and  torsion  of  the wing, whereas 
t h e   f l u t t e r  mode a t  supersonic Mach numbers was predominantly  aileron 
rotat ion.  

These f lu t t e r   po in t s  were considered t o  be too  c lose  to   the a i r -  
plane  f l ight  regime  and an improvement in   the  condi t ions w a s  sought by 
increas ing   the   ac tua tor   s t i f fness   to   th ree  times the   o r ig ina l   s t i f fness .  
This  increased  actuator  stiffness w a s  s t i l l  a feasible  value.  The data 
obtained  with  the  s t i f fer   actuator  are shown by the  squares on the   r i gh t  
side of f igure 2. The no-f lut ter   points  a t  supersonic  speeds so obtained 
were a t  lower al t i tudes  than  the  f lut ter   points   previously  obtained  with 
the  lower  actuator  st iffness.   No-flutter  points were also  obtained a t  
'supersonic  speeds  with  an  infinite  actuator  st iffness.   Infinite  actuator 
s t i f fnes s  was simulated  by  gluing  the  aileron  to  the wing s o  no r e l a t ive  
motion  could  take  place. It is  in te res t ing   to   no te ,  however, that, even 
with  inf ini te   actuator   s t i f fness ,   bending-tors ion-type  f lut ter  w a s  s t i l l  
obtained  near a Mach  number of 0.9 and  occurred a t  about  the same a l t i -  
tude as for  the  lowest  value of ac tua tor   s t i f fness .  

Increasing  the  actuator  st iffness w a s  one way to   increase  the 
aileron  rotation  frequency;  another way w a s  t o  reduce  the moment  of 
i n e r t i a  of the  aileron.  Since  there w a s  considerable windup of  the 
ai lerons,  a large  reduct ion  in   effect ive moment of i n e r t i a  was possible 
by cut t ing  off   the   t ips  of the  ailerons.  Accordingly,  the  tips were cut  
off  along  the  dashed  lines shown i n   f i g u r e  1. Removal  of these   t ips  
gave beneficial  results a t  supersonic  speeds  but  again lef t   the   subsonic  
f lut ter   region  essent ia l ly   unaffected.  

Increasing  the  actuator  st iffness or cu t t ing   o f f   t he   a i l e ron   t i p s  
reduced  the  altitude a t  which the  aileron-rotation-type  f lutter  occurred 
a t  supersonic  speeds. These  changes  had  no e f f e c t  on the  bending-torsion- 
type f lu t te r   ob ta ined  a t  subsonic  speeds. 

Configuration B - All-Movable S tab i l i ze r  

Configuration B, as shown in   f i gu re  1, w a s  an all-movable s t a b i l i z e r .  
The model had  an  aspect  ratio of 3 . 3 ,  a t a p e r   r a t i o  of 0.42, 37' sweepback 
of the  quarter-chord  l ine,   a i r foi l   sect ions  taper ing from 6 percent  thick 
a t  t he   roo t   t o  4 percent a t  t he   t i p ,  a rounded t i p ,  and a p i t ch   ax i s  a t  
78.9 percent of the  center-l ine chord. Tests were made a t  a constant 
value of s t a b i l i z e r  t w i s t  s t i f fnes s  and r a t i o  of bending  frequency t o   t o r -  
sion  frequency. The pitching  frequency  of  the  stabilizer on i t s  spindle 
was the main tes t  variable.  . 
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These t e s t  results a re  shown i n   f i g u r e  3 where the   s t i f fness -a l t i tude  
parameter i s  shown as a function of Mach  number for  various  values  of  the 
r a t i o  of bending  frequency to  pitch  frequency. The frequency i n   t h e  
s t i f fness-al t i tude  parameter  i s  the  torsion  frequency  of  the  stabil izer.  
The lower  curve i s  f o r  a frequency  ratio of 0.50. A s  the Mach  number is 

number e f f e c t  becomes more pronounced as the  frequency  ratio i s  increased 
toward 1.0, as shown by  the  slopes of the  curves  for  frequency  ratios of 
0.62, 0.77, and 0.94. 

: increased ,   the   f lu t te r  boundary sh i f t s   to   h igher   a l t i tudes .  This Mach 

The ef fec t  of frequency  ratio a t  a Mach  number of 0.8 is  shown i n  
f igure 4. The f lut ter-speed  coeff ic ient  V/bwu i s  p lo t ted   as  a function 
of frequency r a t i o   f o r  a given  value of mass-density  ratio. It should  be 
noted that on t h i s   p l o t   t h e   f l u t t e r   s i d e  of the boundary is  above the 
curve. The experimental  data  are shown as a solid  curve,  cross-plotted 
from the  previous  figure. The other two curves  are  calculated  results 
using  two-dimensional  incompressible aerodynamic coeff ic ients  and three 
uncoupled modes. The calculations were made a t  a fixed  value of the 
r a t i o  of bending  frequency to  torsion  frequency, %/wu = 0.305. The 
lower  dashed-line  curves assume zero  s t ructural  damping coeff ic ient  and 
the upper dashed-line  curves use a   s t ruc tura l  damping coeff ic ient   in   each 
of the  three modes equal   to   the measured values. This calculation  again 
shows the  importance  of damping  on f l u t t e r  speeds a t  frequency  ratios 
near 1. The t r e n d   a t  frequency  ratios below 1 appears  to be  predicted 
and the  calculat ions  are  on the  conservative side of the boundary. The 
calculations  predict   a  favorable jump i n   f l u t t e r  speed as the  frequency 
r a t i o  i s  increased above 1 although  experimental data were not  obtained 
a t   l a r g e  enough frequency  ra t ios   for   ver i f icat ion.  For  frequency r a t i o s  
above 1, these  calculat ions  indicate   that   the   f lut ter   speed  increases  
almost  directly  with  the  torsion  frequency. Changes i n   r a t i o  of bending 
frequency to  pitch  frequency would have prac t ica l ly  no e f f e c t  on the 
f l u t t e r  speed. However, a t  frequency  ratios between  about 0.3 and 0.8, 
increases  in  torsion  frequency may not   resul t   in   proport ionate   increases  
i n   f l u t t e r  speed. The f l u t t e r  speed in   th i s   reg ion   var ies   in  a much more 
complicated manner. For example, not ice   that   an  increase  in   tors ion  f re-  
quency wa while  holding  the  ratio of bending  frequency to   t o r s ion   f r e -  
quency constant would require  increases  in %, the  bending  frequency. 
T h i s ,  i n   t u rn , .  would increase  the  ra t io  of bending  frequency t o   p i t c h  
frequency  and  lower  the  flutter-speed  coefficient. A more complete dis- 
cussion of this  behavior i s  given  in  reference 1. 

Configuration C - All-Movable S tab i l izer  

Configuration C,  shown in   f i gu re  1, is a   s ta t ical ly   balanced all- 
movable s t a b i l i z e r .  The control was spindle mounted with  the  rotation 



axis  a t  46 percent of the  root  chord. Its semispan  aspect  ratio was 
1.56, leading-edge sweepback was 20°, t he   t r a i l i ng  edge was swept fo r -  
ward 24O, and the  thickness r a t i o  w a s  5 percent.  Torsion  frequency  of 
the  surface w a s  very  high, s o  tha t   the  predominant  control-surface modes 
were pitch  about  the  spindle  axis and  bending.  Studies were made a t  
various  values of the   ra t io  of bending  frequency to  pitch  frequency. 
The r e su l t s  are shown in   f i gu re  5 ,  with  stiffness-altitude  parameter 
p lo t ted  as a function of Mach number. The frequency in   t he   s t i f fnes s -  
a l t i t ude  parameter i s  the  rotation  frequency  of  the  stabilizer. The 
upper  curve is  t h e   f l u t t e r  boundary establ ished  for  an uncoupled bending- 
pitch  frequency  ratio of 1.02. When the  frequency  ratio w a s  increased  to  
1.41 or  decreased t o  0.92,  favorable shifts i n  the f l u t t e r  boundary were 
obtained.  For  the  higher  frequency  ratios  the  flutter mode involved  both 
bending  and torsion, whereas for  the  lowest  frequency  ratio  the  f lutter 
mode involved  primarily  bending. These tests demonstrate that a change 
i n  frequency  ratio which moves the  frequency  ratio away from .1 is bene- 
f i c i a l  and requires less stiffness t o  avoid   f lu t te r .  

Mass balancing i s  a common method for   increas ing   the   f lu t te r   speed  
of controls. Such a method w a s  s tud ied   for   th i s   case .  The resu l t s  are 
shown in   f i gu re  6. The plain-wing  data f o r  a frequency  ratio of  1.02 are 
repeated from the  previous  figure. Also shown is  t h e   f l u t t e r  boundary 
obtained when a heavy leading edge was added to   t he  same configuration on 
the  outboard 50 percent of the  control, as shown  by the  sketch  in   f igure 6. 
The added  weight was about 7 percent of the  plain-wing  weight. The fre- 
quency ratio,of  the  modified model dropped t o  0.95. Adding the  weight i s  
seen t o  be beneficial  so  t h a t  less s t i f fnes s  i s  required  to   prevent   f lut-  
ter .  However, t he   i nc rease   i n   f l u t t e r  speed may be  due to   the  change i n  
frequency r a t i o  as well as the  center-of-gravity  shift .  

Calculations have  been made f o r  comparison with  the  experimental 
data obtained  with  the  plain w i n g  a t  frequency  ratios of 1.02 and 1.41. 
The calculated and  experimental results a re  compared i n  figure 7. 
Experimental f l u t t e r   po in t s   a r e  shaded symbols and  experimental no- 
f l u t t e r   p o i n t s   a r e  open  symbols. The calculated  resul ts   are  shown as 
the  curves. These calculations  used  the f irst  two measured coupled 
modes of the system. Zero s t ruc tura l  damping was assumed and the  aero- 
dynamic forces were obtained from piston  theory (ref.  2 )  including  the 
e f f ec t  of a i r fo i l   th ickness .  

The ca lcu la ted   f lu t te r  boundary f o r  a frequency  ratio of  1.02 i s  
seen t o  be i n  excellent agreement with  the  experimental  data  over  the 
Mach number range  investigated - 1.5 t o  2.8. The agreement i s  not s o  
good f o r  a frequency  ratio of 1.41. For this  case,   the  calculated  curve 
passes  through  experimental  no-flutter  points a t  Mach numbers of 1.6 and 
2.0 and sq predict  more stiffness than  necessary. Not enough stiffness 
is  predicted a t  a Mach  number  of 2.2. ,These two examples give some 
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indication of t h e   r e l i a b i l i t y  of low supersonic  flutter-speed  calcula- 
tions  using  piston  theory. For one case,  agreement  between  experiment 
and calculations i s  good and in   the  other   case,   not  so good. 

Configurations D and E - Vert ical  Tails With 

Trailing-Edge Rudders 

Configurations D and E, shown i n   f i g u r e  1, were  swept ve r t i ca l  
tai ls  with  unbalanced  trailing-edge  rudders.  Studies were made i n  two 
d i f f e r e n t   f a c i l i t i e s   t o   o b t a i n   t h e   f l u t t e r  boundary f o r  each  configura- 
tion  at  both  transonic  and  supersonic  speeds. The models were cant i -  
lever mounted and  had f a i r i n g s   t o  keep them out of the  tunnel boundary 
layer.  The models  were f l a t   p l a t e s   t h a t  were tapered  in  thickness  along 
the  span. Both  models  had 60° sweptback leading  edges.  Vertical t a i l  D 
had  a panel   aspect   ra t io  of 0.72  and a t a p e r   r a t i o  of 0.43. Its rudder 
hinge l i n e  was swept  back 43' and i t s  rudder was 24 percent of the 
exposed surface  area.   Vertical  t a i l  E had a panel   aspect   ra t io  of 0.77 
and  a t ape r   r a t io  of 0.48, based on a plan form without a  rounded t i p .  
I ts  rudder  hinge  line had 50' of sweepback and i t s  rudder was about ' 

36 percent of the  exposed  surface. 

The resul ts   for   configurat ion D are   presented  in   f igure 8, where 
the  st iffness-alt i tude  parameter i s  p lo t ted   as  a function of Mach number. 
The frequency  appearing in   t he   s t i f fnes s -a l t i t ude  parameter i s  the  rota-  
tion  frequency of the  rudder. This model was cantilever mounted along 
i ts  en t i r e   roo t  chord. These controls had a r a t i o  of f i r s t  bending 
frequency to  rudder-rotational  frequency of  about  0.4. Also shown i n  
figure 8 is the  f lut ter   f requency  referred  to   the  control   rotat ion 
frequency. A t  a Mach  number of about  1.2,  an  abrupt  increase i n  st iff-  
ness is requi red   to   p revent   f lu t te r .  A t  the same  Mach  number t h e   f l u t t e r  
frequency a l so  changes  abruptly. A t  lower Mach numbers, t h e   f l u t t e r   f r e -  
quency i s  less  than  the  rudder-rotation  frequency, whereas a t  higher Mach 
numbers the  f lut ter   f requency is greater  than  the  rudder-rotation  fre- 
quency. This change i n   f l u t t e r  frequency is  associated  with a change i n  
the   f l u t t e r  mode. Previously,   f lut ter  mode changes i n  wings without  con- 
t r o l s  have been  observed t o  produce more s table   configurat ions  in   the 
transonic  region.  In  the  present  case,  however, the change i s  toward a 
l e s s   s t ab le  system. 

Figure 9 shows the  results  for  configuration E wherein the  plan form 
w a s  cantilevered  from a s tub.   In   this   case, '   the   ra t io  of first-bending 
frequency to  rudder-rotation  frequency is  about 0.3. Again, the  f igure 
shows both  the  stiffness-altitude  parameter and r a t i o  of f l u t t e r  frequency 
to  rudder-rotation  frequency as functions of Mach number. The f l u t t e r  
frequency  again  suggests a change i n   t h e   f l u t t e r  mode pas t  a Mach number 
of 1 but  the change i s  gradual as Mach  number increases and not  abrupt as 



for  configuration D. Also, no destablizing jump or   d i scont inui ty   in  
the  st iffness-alt i tude  parmeter  occurs as Mach number increases. If 
a flutter-mode change does  occur,  the s h i f t  i s  gradual and produces no 
detrimental   effects . 

For ve r t i ca l  t a i l  D, a destablizing jump w a s  found i n   t h e   f l u t t e r  
boundary a t  low supersonic  speeds,  whereas none was obtained  for  verti-  
c a l  t a i l  E.  A very  different  type of f l u t t e r  boundary was obtained  for 
somewhat similar ve r t i ca l  ta i ls  with  rudders. However, for  both con- 
t r o l s ,  i f  the  surface were designed  with just enough s t i f fness   to   avoid  
f l u t t e r  a t  transonic Mach numbers, a new f lu t t e r   r eg ion  would be 
encountered a t  the same a l t i t ude  a t  a Mach number of about 2.5. This 
again shows the  existence of two c r i t i c a l   f l u t t e r   r e g i o n s  - transonic 
and supersonic. A complete description and discussion of the tests on 
these two ve r t i ca l  tails w i l l  be found i n  reference 3. 

Configurations F and G - Vertical  Tails With 

Trailing-Edge Rudders 

Configurations F and G, shown i n   f i g u r e  1, were swept ve r t i ca l  t a i l s  
with  statically  balanced  trailing-edge  rudders.  Static  balancing was 
accomplished  with  overhanging-balance  weights located a t  the  top of the 
rudders.  Vertical t a i l  F had an   aspec t   ra t io  of 1.33, taper   ra t io  of 
0.44,  and i t s  rudder w a s  about 24 percent of the exposed surface  area. 
Vertical  t a i l  G had  an  aspect  ratio of 1.58, a taper   ra t io  of 0.40,  and a 
rudder which w a s  about 20 percent of the exposed surface  area. Both con- 
figurations had 45' sweep a t  the  quarter-chord  line, 29' sweep  on t h e i r  
rudder  hinge l i nes  and tapered  in  thickness from  about .6 percent a t  the 
root   to   about  4 percent a t  the   t i p .  The models were cantilever mounted 
a t  the  root.  

The results f o r   v e r t i c a l  t a i l  F are presented i n   f i g u r e  10. The 
frequency  appearing in   t he   s t i f fnes s -a l t i t ude  parameter is the  tors ion 
frequency of the  f in .   Fin  propert ies  remained essent ia l ly  unchanged 
during  the  test,  while  the  actuator and  rudder t w i s t  s t i f fnesses  were 
varied. The actuator and twist s t i f fnesses  shown i n   t h e   f i g u r e  have been 
divided by the  values of the  s t i f fnesses   for   the  or iginal   configurat ion.  
The f lut ter   points   obtained  with  the  or iginal   ver t ical  t a i l  are indicated 
by the   c i rc les .   This   f lu t te r  boundary f e l l  within  the  a i rplane  f l ight  
regime. In  an  attempt  to  study  the nature of this f l u t t e r ,  a new system 
was t r ied wherein  the  rudder t w i s t  s t i f fnes s  w a s  increased  to 1 . 3  times 
the  original  value  while  actuator  stiffness w a s  reduced t o  0.8 of i t s  
value. The squares show where f l u t t e r  was obtained  with-  the changed 
s t i f fnesses .  They  show that the change was quite  detrimental   to  the 
f l u t t e r  boundary; t h a t  is ,  with a s t i f fer  rudder  and a weaker actuator 
t h e   f l u t t e r  boundary shif ted  to   higher   a l t i tudes.  The coupled  frequency 



Some t e s t s  were made with  viscous dampers on the  original  rudder 
i n  an  attempt to   e l imina te   t he   f l u t t e r  from the   f l i gh t  envelope of the 
airplane.  The dampers were mounted a t  about midspan  on the  rudder. 
F lu t t e r  w a s  s t i l l  obtained when .the damping produced by the dampers was 
60 percent of c r i t i c a l .  The f l u t t e r  was eliminated when the damping was 
120 percent of c r i t i c a l .  The damping values  quoted  here  are  based on an 
inelastic  rudder and back-up structure.  Since  these  assumptions  yield 
high  values of c r i t i c a l  damping, the damping actually  obtained was prob- 
ably somewhat less  than  the  stated  value.  

The c i r c l e s   fo r   t he   o r ig ina l   ve r t i ca l  t a i l  are  repeated  as  circles 
aga in   in   f igure  11 where dynamic pressure i s  shown as a function of Mach 
number. For this p lo t   t he   f l u t t e r   s ide  of the boundary is  above the 
curve. Also shown in   th i s   f igure   a re   th ree   no- f lu t te r   po in ts  and a f l u t -  
ter   point   obtained  with  ver t ical  t a i l  G which had a longer and s t i f f e r   f i n  
than  ver t ical  t a i l  F. As  indicated  in  the  f igure,   the  rudder  actuator and 
t w i s t  s t i f f n e s s   f o r   v e r t i c a l  t a i l  G were a l so  somewhat greater  than  for 
v e r t i c a l   t a i l  F, although we&, and cup/% were about  the same. These 
resul ts   indicate  that t h e   f l u t t e r  boundary f o r   v e r t i c a l   t a i l  G would be 
a t   subs tan t ia l ly   h igher  .dynamic pressures   than  for   ver t ical  t a i l  F. How- 
ever,  the one f l u t t e r   p o i n t   f o r   v e r t i c a l  t a i l  G was s t i l l  considered  to  be 
too  close t o  t he   a i rp l ane   f l i gh t  regime. An adequate f l u t t e r  boundary 
appeared t o  be obtained when viscous dampers were used. The dampers pro- 
duced about 15 percent of c r i t i c a l  damping. 

A n  add i t iona l   t e s t  was made without dampers but   wi th   the   f in   t ip  
cut  off  along  the  dashed  line  indicated  in  figure 1. With t h e   f i n   t i p  
cu t   o f f ,   ver t ica l  t a i l  G had about  the same plan form as ve r t i ca l  t a i l  F 
but  the  frequency  ratios were reduced t o  up/cuu = 0.25 and %/ua = 0.18. 
The one f lu t t e r   po in t   ob ta ined   w i th   t he   f i n   t i p   cu t   o f f ,  shown i n   f i g -  
ure 11, reveals a la rge   increase   in  dynamic pressure  required  to   f lut ter  
t h i s   t a i l  compared wi th   ver t ica l  t a i l  F. This increase   in  dynamic pres- 
sure  required  to  f lutter  the  clipped  configuration G over that required 
for  configuration F can  be a t t r i bu ted   t o   i nc reases   i n   t he   s t i f fnes s  of 
the  f in ,   actuator ,  and  rudder. The rudder t w i s t  s t i f fnes s  w a s  2.8 times 
t h a t  of the  original  configuration and the  actuator   s t i f fness  was 1.5 
times t h a t  of the  original  configuration. 

Studies of v e r t i c a l   t a i l s  F  and G in  the  transonic  speed range 
have shown t h a t   t h e i r   f l u t t e r  boundaries  are  sensit ive  to changes in   t he  
rudder twist s t i f f n e s s  and  rudder  actuator  stiffness.  Flutter  could be 
eliminated by using  viscous dampers, but  the amount  of  damping required 
var ied  great ly  between the two configurations. 

. .  ,. . . .. 



Configuration H - T - t a i l  
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Configuration H, shown i n   f i g u r e  1, is  a T - t a i l  which did  not have 
any movable control  surfaces. The tors ion and side f l ex ib i l i t i e s   o f   t he  
fuselage were simulated i n   t h e  t a i l  mounts. The f i n  had an   aspec t   ra t io  
of 1.0, a t ape r   r a t io  of 0.56, and 4 5 O  sweepback of the  quarter-chord 
l i n e .  The s t a b i l i z e r  had  an  aspect  ratio  of 1.8, a t ape r   r a t io  of 0.43, 
and 40' sweepback of the  quarter-chord  line. The r a t i o  of cantilevered 
f i n  bending to   f in   to rs ion   f requencies  w a s  about 0.55. 

The r e su l t s  of the   f lu t te r   inves t iga t ion  are shown i n   f i g u r e  12. 
Stiffness-altitude  parameter i s  plot ted as a function of Mach number and 
the  frequency  appearing i n   t h e  parameter i s  the  torsion  frequency of the 
f i n .  The o r ig ina l   s t ab i l i ze r  had 1-5' of posi t ive dihedral and t h e   f l u t -  
ter  points  obtained  with  this  configuration are indicated by the   c i rc les .  
Models with  zero  stabil izer  dihedral  were also  invest igated and the 
f lut ter   points   obtained  with  this   configurat ion are indicated by the 
squares. The results ind ica t e   t ha t   l e s s   f i n   s t i f fnes s  i s  required  for  
zero  s tabi l izer   dihedral  and so  s t ab i l i ze r  dihedral  i s  ind ica ted   to  be 
detrimental . 

The detrimental   effect  of s tabi l izer   dihedral   can be explained 
qua l i ta t ive ly  by considering  the  stabil izer as a yawing wing. When the 
f i n  twists, the s tab i l izer  yaws. As  a r e s u l t  of  dihedral   this yaw motion 
produces a ro l l i ng  moment on the   s t ab i l i ze r  so  t h a t   f i n  twist results i n  
f i n  bending. 

Simple Models of All-Movable Controls 

In  addition  to  the  previously  discussed  scaled models, some simple 
models of  all-movable  controls have been investigated a t  low supersonic 
speeds. As f igure 13 shows, they had  arrowhead plan forms - a 45' d e l t a  
and one with a 4 5 O  sweptback leading edge  and a l5O sweptforward t r a i l i n g  
edge. The models  were f la t  plates  with .beveled  edges  and were supported 
by a sha f t  mounted i n  a bearing. The f l e x i b i l i t y  w a s  p r imar i ly   i n   t he  
shaft so that  the  control  surface  experienced  only  rigid-body  torsion, 
flapping, and t ranslat ion.  The ra t ios   o f  first coupled  frequency t o  
second  coupled  frequency  varied  from  about  0.3 t o  about 0.7. 

The r e su l t s  are presented as the  st iffness-alt i tude  parameter  plotted 
against   rotation-axis  posit ion  in  percent of root  chord. The frequency i n  
the  st iffness-alt i tude  parameter i s  the f i r s t  coupled  frequency of the 
system. The t rend shown at  a Mach  number of 1 .2  for  both  surfaces  pro- 
duces a more stable configuration as the   ro ta t ion  axis is  moved forward. 
The two f lu t te r   po in ts   ob ta ined  'at a Mach  num.ber of 1.6 indicate that, f o r  
rearward  rotation  axes, more s t i f fnes s  i s  requi red   to   p revent   f lu t te r  as 
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the  Mach  number  increases.  However,  the  stiffness  required  at  a  Mach 
number  of 1.6 rapidly  decreases  as  the  rotation  axis  is  moved  forward so 
that,  at  the  axis  location  shown  in  the  figure,  the  controls  were  stable 
at  a  zero  value  of  the  stiffness-altitude  parameter.  This  means  the 
controls  were  flutter  free  when  unrestrained  in  rotation  and  when  free 
to  float.  Thus,  these  results  show  that  movement  of  the  axis  location 
forward  was  beneficial  on  these  plan  forms  at  low  supersonic  Mach  numbers. 

CONCLUDING REMARKS 

A compilation  of  flutter  experiments  with  various  control  configura- 
tions  at  transonic  and  supersonic  speeds has been  presented.  Some  trends 
on specific  configurations  are  indicated  and  improvements  in  flutter 
characteristics for various  cases  are  shown.  It  would  be  risky  to  draw 
general  conclusions  from  these  results,  but  the  discussion  should  be of 
value. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field, Va., March 7, 1957. 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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TEST CONFIGURATIONS F AND G 
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Figure 11 

TEST CONFIGURATION H 
T-TAIL 

DIHEDRAL 

0 I5 O 

O 0  

FLUTTER 
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FLUTTER OF TWO ALL-MOVABLE CONTROLS 
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